The Galactic X-ray transient XTE J1752−223 was shown to have properties of black hole binary candidates. As reported in our previous paper, we identified transient and decelerating ejecta in multi-epoch Very Long Baseline Interferometry (VLBI) observations with the European VLBI Network (EVN) and the NRAO Very Long Baseline Array (VLBA). Here we present new EVN and VLBA data in which a new transient ejection event and later a stationary component are identified. The latter is interpreted as a reappearance of the radio core/compact jet during the transition from soft to hard X-ray state. This component appears to be highly variable in brightness although effects of tropospheric instabilities might play a role too. We also re-analyze the earlier VLBI data and find that the transient ejecta closer to the core position has significantly higher proper motion, further strengthening the case for strongly decelerating ejecta on the scale of several hundred milli-arcsecond, never observed in X-ray binaries before. Although the distance of the source is not well constrained, it is clear that these ejectas are at least mildly relativistic at the early stages. Moreover, we show the large scale environment of the transient from the Westerbork synthesis array data recorded in parallel during the EVN run.
INTRODUCTION
The X-ray transient XTE J1752−223 was discovered by the Rossi X-ray Timing Explorer (RXTE ) on 2009 October 23. The 2010 outburst of XTE J1752−223 was monitored by the RXTE (Shaposhnikov et al. 2010) , the Monitor of Allsky X-ray Image (MAXI, Nakahira et al. 2010) , and Swift (Curran et al. 2010) in the X-ray domain. The outburst exhibited an evolving behavior in agreement with what would be expected from a stellar mass black hole binary.
In the preceding low-hard X-ray state, the radio counterpart was identified by the ATCA (Australia Telescope Compact Array) with a flux density of ∼2 mJy and a flat spectrum consistent with that of a compact jet (Brocksopp et al. 2009 ). XTE J1752−223 started to transit toward a high-soft X-ray state around 2010 January 20 ⋆ E-mail:yang@jive.nl (e.g. Shaposhnikov et al. 2010) . A 10-fold increase of radio flux density and a flat spectrum were observed by the ATCA on 2010 January 21 (Brocksopp et al. 2010) . The increased flux density suggested that a major ejection was imminent (Brocksopp et al. 2010) and, indeed, a transient jet was detected by the rapid-response EVN (European VLBI Newtork) observations on 2010 February 11. The transitions from a low-hard X-ray state toward a high-soft X-ray state are in fact, commonly associated with discrete ejection events (Corbel et al. 2004; Fender et al. 2004 Fender et al. , 2009 ). Together with follow-up VLBA (Very Long Baseline Array) observations in 2010 February, the transient jet was found to show significant deceleration, possibly due to the jet interaction with the surrounding medium (Yang et al. 2010 , hereafter Paper I).
In this paper we present results from the additional three epochs that show a new transient ejection event and later a stationary feature which we identify as the core. The Figure 1 . VLBI images of the transient jets components A, B, C, and the re-activated compact jet D in XTE J1752−233. The bottom panel shows the proper motion versus angular separation for components A and B. All the images are centred at the compact jet (0,0) and rotated clockwise by 39 • . The linear scale is 3.5 au mas −1 at the adopted distance of 3.5 kpc. The contours start from 3σ off-source noise level and increase by a factor of -1, 1, 2, 4. The size of the restoring beam is 10 mas.
observations and data reduction are briefly described in Section 2. The Very Long Baseline Interferometry (VLBI) as well as the Westerbork Synthesis Radio Telescope (WSRT) imaging results are presented in Section 3. The proper motion of a transient ejecta detected in one of our earlier observations is analyzed in Section 4. We discuss our results on the compact jet region, the proper motion of the transient ejecta and their possible interaction with the large-scale medium in Section 5.
OBSERVATIONS AND DATA REDUCTION
All the VLBI experiments observed at 5 GHz during the 2010 outburst of XTE J1752−223 are listed in Table 1 . The observations before March 2010 were already presented in Paper I. Additional EVN observations were carried out on 2010 March 22, including Effelsberg, the phased array WSRT, Onsala, Medicina, Noto, Toruń, and the Lovell telescope. There were two epochs of VLBA observations on 2010 April 25 and 29 using the whole telescope array. All the experiments used the same phase-referencing source (PMN J1755−2232) and the same duty-cycle. The VLBI calibration procedure was identical as well, and it is described in Paper I. We note that the new EVN observations show a weak extended jet in the calibrator source, but since the radio core accounts for ∼90% of the emission, this extension did not have a significant effect on the phase calibration in the first four epochs. In the WSRT data, we did selfcalibration on PMN J1755−2232 and applied the solutions to the target.
VLBI AND WSRT IMAGING RESULTS

VLBI detection of multiple jet features
The VLBI total intensity images of XTE J1752−223 are shown in Figure 1 . The associated image parameters and Gaussian model-fitting results are listed in Table 1 The variation of the image peak brightness during the last two VLBI experiments is shown in Figure 2 . To pinpoint the peak time, a variable bin length was used. On 2010 April 25, the image peak brightness of XTE J1752−223 boosted by a factor of five from the non-detection in the first 1-hour bin (8:00 -9:00 UT) to 4σ detection in a 15-minute bin (10:00 -10:15 UT). After that, there was no significant decaying. A hint on variability was seen again on 2010 April 29. The source was not detected in the first 2.5 hours. While, it was detected at 5σ during 11:10 -12:48 UT as shown in Figure 1g . The position difference from the previous detections is within the 3σ error circle. Note that the variation of the uv-coverage does not affect the peak brightness in the case of a compact source.
WSRT imaging of the XTE J1752−223 field
The WSRT image is shown in Figure 3 . To show possible extended emission, a circular restoring beam with a size 30 ′′ was used. The transient XTE J1752−223 is a point source with a total flux density 2.8 ± 0.2 mJy.
We also detected four other radio sources within the telescope primary beam. The small panel in Figure 3 shows the symmetric double morphology in the extragalactic source PMN J1752−2230 (Saikia et al. 2004 ) obtained with the original synthesized beam: 28 ′′ × 4 ′′ . The eastern bright source is associated with the planetary nebula ESO 589 − 16 (PN G006.4+02.0) at the distance of 5.1 kpc (Stanghellini et al. 2008 ). The remaining sources are two stars associated with the Spitzer GLIMPLSE (Galactic Legacy Infrared Mid-Plane Survey Extraordinaire, Benjamin et al. 2003 ) sources G006.3904+01.9844 and G006.3153+02.1058 within its 3σ = 1 ′′ circle.
PROPER MOTION IN TRANSIENT JETS
Component A showed a proper motion decreased from 9.2±0.2 mas d −1 to 4.0±0.2 mas d −1 , as revealed by Paper I. To check if a significant proper motion can be detected in component B during the only experiment when it was detected, we split the VLBA data obtained on 2010 February 26 into various bins with different lengths. First we made two 3-hour bins and fitted for the position of the component. In addition, we probed bin sizes of 1 hour that provide larger separation between the centre of the first and the last bins. But in this case the four central bins had to be merged due to the low signal to noise ratio of the data (missing short spacings at that time range). Thus the position of component B was obtained for these additional three bins: the first hour, the central four hours, and the last 1 hour of data. We flagged out the high-noise data from Owens Valley (due to a warm receiver) and Brewster in the first half an hour (due to the low elevation); and left the radius, position angle and flux as free parameters to strengthen the conversion of the model fitting.
The angular separation versus time is displayed in the left panel of Figure 4 and listed in Table 3 . Component B had a position shift of ∼9 mas along jet direction within 5 hours. The linear least-square fit, plotted as a straight line, gives a proper motion of 34 ± 9 mas d −1 with a reduced χ 2 = 0.4. Since the precise position error is unknown, we scaled the errors with the square root of the reduce χ 2 to estimate the proper motion error. Clearly, component B had a much higher proper motion than component A. The measurements for both components are plotted in the bottom panel of Figure 1 as well.
Alternatively, we searched for the proper motion by measuring the peak brightness of the image after the visibility data were corrected for a range of apparent velocities. Since the high proper motion obtained above smears the component structure during the observations lasting for 6 hours, one should expect to see an increased peak brightness near the real value. The correction along the jet direction was implemented via the AIPS (Greisen 2003) task CLCOR 1 . We used pure natural weighting to make the dirty map, and looked for the peak position within component B. Before applying the proper motion correction to the uv-data, we removed component A with the AIPS task UVMOD from the calibrated visibility data, to avoid any potential interference from its sidelobes. The variation of the image peak brightness versus the proper motion is plotted in the right panel of Figure 4 . The peak brightness has an increase of 17% at a proper motion 42 ± 7 mas d −1 , marked with a dotted line. The proper motion error was estimated using its position error and the total observing time. The latter indirect measurement agrees well with the previous direct determination within 1σ error.
Components C and B are unlikely to correspond to the same jet feature because the mean proper motion (∼3.6 mas d −1 ) between the two epochs is much smaller than that observed in component B. We also tried to estimate proper motion in component C using these two methods. Due to the limited sensitivity, we failed to achieve a meaningful result.
DISCUSSION
The compact jet
Component D was found to have no detectable proper motion with respect to the reference source at the last two VLBI epochs. The only explanation for this is that component D is the radio core of the system. We note that Miller-Jones et al. (2011) arrived to the same conclusion first: they independently analyzed data from the last two VLBA epochs, and showed that component D was positionally consistent with the optical counterpart of XTE J1752−223, within a 1σ = 46 mas error circle. They had only a 3.5σ detection on 2010 February 29. In our analysis, we obtained a considerably higher significance of the detection reaching 5σ, firmly establishing that component D is related to the core region/compact jet in XTE J1752−223 and not related to a new transient ejecta.
Compared with the most sensitive EVN observations of 2010 March 22 during the X-ray soft state, the radio core re-brightened by a factor of >10. The non-detection in the earlier soft state is unlikely caused by the fast variability because the core was not detected on short time scales. The re-appearance provides a rare case of direct detection of the re-activation of radio emission in the compact jet during the soft to hard X-ray state transition, as described by the unified model for the coupling of accretion and ejection in black hole X-ray binaries (Fender et al. 2009 ). In fact, RXTE observations on 2010 March 27 have revealed XTE J1752−223 in transition from the soft to the hard state (Muñoz Darias et al. 2010) .
The compact jet appears highly variable. However, we note that the declination of the source is low and the strong apparent variation might be due to poor tropospheric conditions especially at the beginning and end of the observations, when the source elevation was very low. However the ATCA observations did show significant variations on timescales of days (Brocksopp et al., in prep.) . In literature, strong daily variations were also observed in XTE J1720−318 in the post low hard state (Brocksopp et al. 2005 ). Significant flux density variation on shorter (< 1 day) time scale were seen in GRS 1915+105 (Fender et al. 1999) and XTE J1650−500 (Corbel et al. 2004 ).
Relativistic ejections
According to the new proper motion measurements, component B is a transient jet component moving toward the same direction as component A (cf. Paper I), in agreement with the core location discussed above. Although we could not measure the proper motion of component C in the same way as component B, it lies between components A and B which indicates that there were at least three ejection events revealed by the VLBI observations during the 2010 outburst of XTE J1752−223.
The source shows a profound one-sided morphology, unprecedented for X-ray black hole binaries with transient ejecta. We searched for the receding jet in the VLBI images including the deep EVN image. There were no receding ejecta found. If component A was ejected during the major X-ray outburst around MJD 55218, a mean proper motion of ∼28 mas d −1 is required to explain the large angular separation from the assumed core. Considering the low proper motion of 10 mas d −1 observed at the later stage, component A must have an extremely high proper motion at the early stage. The high proper motion observed in component B, an ejecta much closer to the core than component A, indirectly supports the association of component A with the major outburst. As a relativistic jet usually evolves with a decaying luminosity after the ejection, the non-detection of component B observed three days earlier is unlikely due to the insufficient sensitivity. Assuming component B was ejected around MJD 55250.6 (during another flare, Brocksopp et al. in prep.) , its average proper motion is ∼58 mas d −1 , in agreement with our measurements.
Component B has a high apparent speed of ∼0.7 c if it is at 3.5 kpc as estimated by Shaposhnikov et al. (2010) via the spectral-timing correlation scaling technique (model-dependent). However, if the source is located at a larger distance, e.g. near the Galactic centre, then XTE J1752−223 might be another example of superluminal Galactic jets, such as GRS 1915+105 (Mirabel & Rodríguez 1994; Fender et al. 1999 ) and GRO J1655−40 (Tingay et al. 1995; Hjellming & Rupen 1995) . Taking into account that component B might have already somewhat decelerated by the time it was detected, XTE J1752−223 is a promising Galactic superluminal source candidate. The resulting Doppler deboosting effect may be responsible for the nondetection of the receding transient jets, a rarely-seen property in stellar mass black hole binaries.
A hint on the extended emission
There might be an extended emission in rough agreement with the position angle of the transient jet between XTE J1752−223 and G006.3904+01.9844 in Figure 3 . Such the extended emission might be a large-scale diffuse relic emission associated with the transient. As the limited sensitivity 3σ = 0.25 mJy beam −1 , deep observations at lower frequencies are required to confirm its existence. A jet-blown bubble, ∼5 pc in diameter, is found in Cygnus X-1 (Gallo et al. 2005) . It is inferred that there exists a cavity surrounding microquasars (Hao & Zhang 2009 ). As XTE J1752−223 showed strong jet decelerations, it is a promising candidate for the deep observations to hunt for the extended emission region.
CONCLUSIONS
We investigated the proper motion of the closest ejecta to the assumed core among the detected transient jet components in the 2010 outburst of XTE J1752−223. Besides measuring proper motion through splitting the experiment into a few time bins, we looked for a proper motion via monitoring the variation of the image peak brightness of the proper motion-corrected visibility data. Both ways give a very high proper motion and imply that the ejections are at least mildly relativistic. We also reported the detection of another new ejecta observed at the end of 2010 March. We provided another independent VLBI identification of the compact jet and have shown that it might be highly variable. Moreover, we found a hint on the large-scale extended emission in the field of XTE J1752−223 with the WSRT observations.
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